






Cocoa	 beans	 are	 the	 basic	 raw	 material	 for	 the	
production	of	chocolate	and	other	chocolate	products.	











that	 significantly	 alter	 their	 properties.	 Roasting	













et al.,	 2003,	 Krysiak	 and	 Motyl-Patelska,	 2005)	





the	material	 (Benz,	 2002),	 color	 (Krysiak,	 2006),	 or	
the	fat	content	of	cocoa	(Krysiak	and	Motyl-Patelska,	
2005).	 However,	 in	 the	 literature,	 there	 is	 a	 lack	 of	
information	on	how	the	increased	humidity	of	air	will	
affect	 the	properties	of	 the	main	 ingredient	of	cocoa	
beans	-	namely	cocoa	butter.
Convection	 roasting	 of	 cocoa	 beans	 has	 a	
number	of	drawbacks.	One	of	 them	 is	 that	due	 to	
the	traditional	way	of	heat	and	energy	transfer,	the	
heat	 treatment	 process	 takes	 too	 long.	 This	 may	
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fat	 extracted	 from	 this	 material	 (acidity,	 saponification	 index,	
iodine	 index,	 peroxide	 value,	 light	 refraction	 coefficient,	 polar	
fraction	content,	and	Fatty	Acid	profile,	absorbancy	of	1	and	10%	
solution	 in	 hexane)	 were	 examined.	 The	 characteristics	 of	
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contribute	to	the	loss	of	aroma,	 increased	bitterness	





1986,	 ﬁwiechowski,	 1996).	 The	 disadvantage	 of	
this	method	of	roasting	is	also	the	existence	of	large	




of	 the	whole	beans	 is	a	significant	 transfer	of	cocoa	
butter	from	kernel	to	husk.	This	phenomenon	is	very	
disadvantageous	 mainly	 due	 to	 economic	 reasons,	
since	mass	chocolate	production	uses	only	the	kernel	
and	 the	 husk	 is	waste.	 So,	 a	 greater	 fat	 content	 in	
the	kernel	of	 the	bean	will	 result	 in	better	properties	
of	 chocolate	 masses	 (Krysiak,	 and	 Motyl-Patelska,	
2005,	Nebesny	and	Rutkowski,	1998).
The	above	stated	disadvantages	of	 convection	
roasting	 of	 cocoa	 beans	 may	 also	 affect	 the	
properties	of	the	fat	that	is	the	main	component	of	
cocoa	 beans.	 In	 the	 literature,	 information	 about	
the	properties	of	cocoa	butter	obtained	from	cocoa	
beans	of	different	types,	coming	from	different	regions	
of	 the	 world,	 or	 subjected	 to	 different	 processing	
operations	 can	 be	 found	 (fermentation,	 drying)	
(Chaiseri	 and	Dimick,	 1989,	 Foubert	 et al.,	 2004,	
Shamsuddin	 and	 Dimick,	 1986,	 Shukla	 1995),	
but	 data	 describing	 the	 properties	 of	 fat	 obtained	
from	cocoa	beans	roasted	in	different	conditions	is	
scarce	(Asep	et al.,	2008).











1990)	 among	 others.	Research	 efforts	 taken	 in	 this	
area	 focused	mainly	on	 the	 technical	possibilities	of	
the	application	of	microwaves	to	shorten	process	time	








In	 the	 literature,	 the	 allegations	 against	 the	
microwave	are	that	due	to	the	heat	generated	inside	
the	material,	it	is	possible	that	unexpected	chemical	
transformations	will	 take	place.	 In	 particular,	 it	may	






Based	 on	 numerous	 literature	 data	 (Albi	 et al.,	
1997,	 Farag,	 1994,	 Farag	 et al.,	 1997,	 Koło‡yn-
Krajewska,	 1992,	 Tan	 et al.,	 2001,	 Yoshida	 and	
Kajimoto,	1994,	Yoshida	et al.,	 1995,	Yoshida	and	
Takagi,	1997)	relating	to	the	influence	of	microwave	
energy	on	 fats	 in	 plant	materials	 or	 extracted	 from	
them,	 it	 can	 concluded	 that	 the	 impact	 of	 this	
type	 of	 heat	 treatment	 is	 always	 negative.	 The	
observed	 discrepancies	may	 result	 from	 applied	
microwave	 treatment	parameters	 (time,	 temperature,	
power,	 frequency),	 but	 also	with	 the	 kind	 of	material	
undergoing	 the	 heating	 process,	 and	 whether	 the	
material	was	specially	prepared	previously	(humidified,	








Cocoa	beans	 (the	 Ivory	Coast	 variety)	 from	 the	
Ivory	Coast	were	separated	prior	to	roasting	(Minifie,	





Convective in the following conditions
1.	Air	temperature	(T)	of	135°C,	air	flow	rate	(v)	
of	 1.0m×s21,	 relative	 humidity	 (RH)	 of	 0.4%	 (“dry	
air”),	time	(t)	of	35	min,	





The	 convection	 roasting	 of	 the	 beans	 was	
carried	 out	 in	 a	 tunnel	 with	 forced	 air	 flow	 and	
without	 recirculation.	 A	 detailed	 description	 of	 the	








treatment	 was	 applied	 to	 200g	 portions	 of	 beans	
distributed	 in	 a	 single	 layer.	 Roasting	 time	 was	
determined	 by	 the	 required	 ~2%	water	 content	 in	
the	whole	bean	[Nebesny	and	Rutkowski,	1998].
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During	 the	 convection	 roasting	 process	 the	 air	
parameters	 were	 controlled	 (temperature,	 flow	 rate	
and	 humidity).	 The	 temperature	 measurements	 of	
both	air	and	kernel	of	cocoa	beans	were	made	using	
a	YCY	meter	type	YC-262	with	an	NiCr-NiAl	(Taiwan)	
measuring	 probe.	 The	 air	 velocity	 was	 measured	
with	a	conjugated	THERM	2285-2B	meter	with	9915	
S120	by	 the	Ahlborn’s	(Germany)	measuring	probe.	
Relative	 humidity	 of	 the	 “dry”	 air	 was	 calculated	
according	to	(Stobi>ska et al.,	2006).
The	 increased	 air	 humidity	 (RH	 5	 5.0%)	 was	
obtained	 by	 placing	 saturated	 steam	 in	 the	 tunnel	
formed	in	the	generator	(Krysiak	and	Motyl-Patelska,	




kernel	 was	 determined	 immediately	 after	 the	 end	
of	the	process.	The	meter	used	was	YCY	type	YC-
262	with	an	NiCr-NiAl	measuring	probe.
Roasted	 beans	 were	 air	 cooled	 to	 attain	 a	
temperature	 of	 25°C,	 and	 then	 stored	 at	 room	
temperature	 in	 sealed	 glass	 containers.	 Beans	
were	shelled	by	hand	and	the	kernel	was	crushed	
using	 a	 GM-1electric	 laboratory	 mill	 by	 ZBPP	
(Poland).	 In	 the	 fragmented	 bean	 (particle	 size	
0,2-0,9	 mm):	 water	 and	 fat	 content,	 total	 and	
volatile	acidity	were	determined,	and	cocoa	butter	
was	 extracted.	 Extraction	 was	 carried	 out	 in	 the	











the	 standard	 PN-A-88021:1971	 (Krełowska-Kułas,	
1993).	 Total	 acidity	was	 estimated	 according	 to	 the	
standard	PN-A-88024:1979	(Krełowska-Kułas,	1993)	






methods.	 In	 addition,	 the	 softening	 temperature	 and	
total	 clarification	 of	 the	 solution	 temperature	 were	
determined	(PN-A-88030:1998).
The	 viscosity	 of	 fats	 was	 determined	 with	 a	
Brookfield	Engineering	Laboratories	Company	INC	
type	HADv	III1	viscosimeter	(USA).	Measurements	




The	 determination	 of	 hardness	 was	 performed	
using	 the	 penetrometric	 method	 with	 a	 Höpler	
penetrometer	(Germany)	and	DSC	111	penetrometer	




in	 fats	 the	 following	 parameters	 were	 determined:	
amount	 and	 composition	 of	 the	 polar	 fraction,	 the	
degree	of	transformation	in	the	fatty	acids	in	the	non-
polar	fraction,	the	absorption	of	1%	(E1%1cm)	solution	
of	 the	 fat	 samples	 in	 hexane	 in	 Uv	 light,	 and	 the	
absorption	of	10%	solution	of	the	samples	in	hexane	
in	visible	light.
Determination	 of	 the	 amount	 and	 composition	
of	 the	 polar	 fraction	 was	 performed	 by	 column	




















was	 determined	 by	 gas	 chromatography.	 For	 this	
purpose,	 the	 non-polar	 fraction	was	 transformed	 into	
methyl	 esters	 in	 accordance	 with	 PN	 EN	 ISO	 5509	
(2000).	 The	 transesterification	 using	 KOH	 catalyst	
method	was	used.	Determination	was	performed	using	
a	Pye	Unicam	PU	4550	gas	chromatograph	equipped	
with	 a	 flame-ionization	 detector	 (FID)	 and	 a	 stream	
splitter	(90:1).	For	ester	separation	a	capillary	column	
with	 the	symbol	DB-23,	30m		0.25	mm,	0.25mm	(J	





Ther	 absorption	 of	 a	 1%	 solution	 of	 the	 fat	
samples	in	hexane	was	measured	for	wavelengths	
of	 233	 and	 270	 nm.	 Measurements	 were	 taken	








The	 determination	 was	 based	 on	 the	 work	 of	
Mancini-Fiho	et	al.	(Tynek	et al.,	2001).








The	 selection	 of	 conditions	 such	 as	 roasting	








of	 previous	 research	 conducted	 by	 Krysiak	 and	
coworkers	 (Krysiak	et al.,	 2003),	 showing	 that	 this	
parameter	 significantly	 influences	 the	 speed	 of	 the	
roasting	 process	 and	 this	 in	 turn	 translates	 into	





























T=140°C, v=0.5m/s, RH=0.35% T=150°C, v=0.5m/s, RH=0.3%
T=135°C, v=1.0m/s, RH=0.4% T=140°C, v=1.0m/s, RH=0.35%
Figure	1	
Effect	of	temperature	and	air	flow	rate	on	the	reduced	specific	humidity*	of	cocoa	beans	during	roasting	in	“dry”	air





























T=135°C, v=1.0m/s, RH=0.4% T=150°C, v=0.5m/s, RH=0.3%
T=140°C, v=0.5m/s, RH=0.35% T=140°C, v=1.0m/s, RH=0.35%
Figure	2
Changes	in	temperature	inside	cocoa	nibs	during	roasting	of	cocoa	beans	in	“dry”	air




An	 analysis	 of	 the	 curves	 (Fig.	 1	 and	 2)	 shows	
that	 the	 lowest	 temperature	was	achieved	by	beans	
roasted	 at	 140°C	 at	 a	 flow	 velocity	 v	5	 0.5mxs21,	
while	 when	 the	 bean	 was	 roasted	 at	 v51.0	
mxs21	 the	 achieved	 temperature	 was	 virtually	 at	
similar	 levels	 regardless	 of	 which	 air	 temperature	
was	 used	 2135	 or	 140°C.	 Taking	 that	 into	
consideration,	 the	 roasting	 conditions	 used	 were:	
air	 temperature	 T	 5	 140°C,	 flow	 velocity	 v	 5	
0.5mxs21	 for	 a	 time	 t	5	 10	min,	 and	 v51.0	mxs21,	
time	t	5	20	min,	at	a	relative	humidity	RH	5	0.35%.
The	 studies	 also	 included	 the	 impact	 of	 the	
third	 parameter,	 ie	 the	 relative	 air	 humidity,	 since	
the	 literature	 data	 indicates	 that	 the	 use	 of	 air	
with	 higher	 humidity	 promotes	 processes	 such	
as	 the	 sterilization	 of	 beans	 (Benz,	 2002,	 Finken,	
1996,	Stobi>ska	et al.,	2006).	This	type	of	thermal	
processing	 results	 in	 products	 with	 better	 quality	
by	 reducing	 the	 possibility	 of	 oxidation	 reactions	
(Mujumdar,	1995).
Microwave	 heating	 was	 used	 because	 of	 the	
different	way	of	generating	heat	in	which	the	process	
is	carried	out	at	a	high	speed	(Fadini	et al.,	1997,	
Mudgett,	 1989).	 Furthermore,	 in	 previous	 studies	
(Stobi>ska	et al.,	2001)	high	microbiological	purity	
was	 obtained	 for	 the	 cocoa	 beans	 roasted	 with	
microwaves.	In	the	present	work	the	method	used	
consisted	 of	 microwave	 heating	 based	 on	 the	
continuous	feeding	of	microwaves	with	a	power	of	
700W	as	a	method	able	to	achieve	a	water	content	








according	 to	 chosen	methods,	 by	 convection	 and	
by	 microwaves.	 The	 inclusion	 of	 these	 results	 in	
this	 study	 was	 necessary	 due	 to	 the	 subsequent	
interpretation	 of	 the	 results	 of	 the	 analysis	 of	
cocoa	butters	extracted	from	the	beans	roasted	by	
these	methods.	A	detailed	discussion	of	 the	effect	




1,	 it	 should	 be	 noted	 that	 among	 the	 proposed	
convection	methods	there	is	no	single	method	that	
would	 clearly	 be	 beneficial	 in	 its	 influence	 on	 the	
desired	 characteristics	 of	 the	 bean	 (low	 total	 and	
volatile	acidity,	high	fat	content	 in	 the	kernel).	This	
is	 due	 to	 the	 specific	 composition	 of	 cocoa	beans	
and	 the	 complex	 changes	 taking	 place	 during	 the	
roasting	 process.	 In	 terms	 of	 the	 greatest	 loss	 of	
total	 and	 volatile	 acidity	 in	 the	 methods,	 the	 best	
convective	 conditions	 seem	 to	 be	 T	 5	 135°C,	
v51.0mxs21	 at	 RH	 5	 0.4%.	 These	 parameters	
of	 the	process,	 however,	 cause	 too	much	 transfer	
of	 fat	 from	 the	 kernel	 to	 the	 husk,	 at	 the	 level	 of	
5.0%,	which	 is	 not	 desirable	 for	 technological	 and	
economic	 reasons.	 However,	 the	 greatest	 loss	 of	
this	component	from	the	kernel	was	observed	when	
the	beans	 roasted	at	T	5	 140°C,	with	 variable	air	
velocity	and	 relative	humidity	RH	5	0.35%.	 In	 this	
method	comparatively	high	levels	of	total	and	volatile	
acidity	were	 obtained,	which	 is	 also	 not	 beneficial	
from	the	point	of	view	of	the	technology.	Research	
(Krysiak et al.,	 2003)	 shows	 that	 the	 roasting	 of	






The	 roasting	 of	 beans	 using	 microwaves	
allowed	for	a	roasted	bean	with	the	most	favorable	
physicochemical	 properties	 in	 a	 relatively	 short	
period	of	 time,	 ie	 the	 lowest	values	of	volatile	and	
total	 acidity	 and	 the	 highest	 fat	 content.	 Such	
characteristics	of	the	bean	come	from	the	fact	that	















Whole bean Kernel Husk Kernel Kernel Kernel
Raw	bean 5.20		0.03 4.55		0.05 12.40		0.06 14.59		0.7 0.12		0.005 59.04		0.08
CR1 2.01		0.02 1.97		0.04 4.94		0.06 9.67		0.5 0.07		0.003 56.20		0.05
CR2 2.05		0.05 1.75		0.03 5.66		0.07 14.22		0.6 0.11		0.006 57.69		0.04
CR3 1.97		007 1.90		0.05 4.91		0.07 11.77		0.4 0.08		0.003 54.28		0.08









Table	 2	 summarizes	 the	 results	 of	 the	 main	
physicochemical	properties	of	cocoa	butters	extracted	
from	 the	 kernels	 of	 raw	 and	 roasted	 cocoa	 beans	
using	convection	and	microwave	methods.
The	obtained	values	of	the	basic	quality	parameters	
of	 cocoa	 fat	 in	most	 cases	 are	 within	 the	 limits	 laid	
down	in	the	standards.	According	to	the	(PN-A-88113:	
1998)	standard	and	the	literature	(Chaiseri	and	Dimick,	








roasting.	 In	 the	 first	 case	 it	may	 be	 due	 to	 the	 long	
time	in	the	air	with	higher	humidity	(RH	5	5.0%)	and	
achieving	a	kernel	with	a	higher	 temperature	 than	 in	







of	 triacylglycerols	and	changes	 in	 free	 fatty	acids.	
Also,	Yoshida	et al.	(Yoshida	et al.,	1995)	found	that	
the	triacylglycerols	present	in	sesame	oil	obtained	from	
microwave	 roasted	 sesame	 seeds	 were	 slightly	




may	 be	 due	 to	 the	 reduced	 activity	 of	 hydrolytic	
enzymes	such	as	lipase	and	peroxidase.
However	 it	 should	 be	 noted	 that	 the	 observed	
changes	 in	 Sv	 are	 no	 greater	 than	 0.5%	 when	
compared	 to	 the	 minimum	 values	 given	 by	 the	




I2/kg),	 which	 are	well	 below	 the	 value	 given	 by	 the	
PN-A-88113:1998	 standard	 and	 the	 literature	 data	
(Chaiseri	 and	 Dimick,	 1989,	 Shukla	 1995),	 were	
the	 characteristics	 of	 the	 fat	 from	 beans	 subject	 to	
the	microwave	roasting	method	and	raw	beans.	For	
the	 other	 cocoa	 butters,	 the	 values	were	within	 the	
range	of	34,6-37,02	g	 I2/100g,	 thus	 the	values	were	
consistent	with	the	cited	literature	references	(Chaiseri	
and	Dimick,	1989,	Shukla,	1995,	PN-A-88113:1998).	
Iv	 is	 a	 convenient	 indicator	 of	 the	 degree	 of	
hardness	 of	 cocoa	 butter.	 Higher	 values	 of	 Iv	 of	
cocoa	 butter	 (35,4-37,0	 g	 I2/100g)	 indicate	 a	 higher	
content	 of	 unsaturated	 fatty	 acids	 included	 in	 the	




shown	 in	Table	2.	The	only	exception	 is	 the	 lack	of	
correlation	 between	 the	 Iv	 and	 the	 hardness	 of	
fat	 obtained	 from	 the	 microwave	 roasted	 beans.	
In	 this	 case	 the	 lowest	 Iv	 values	 and	 the	 highest	
values	 of	 hardness	 were	 observed.	 This	 may	 be	
due	 to	 the	generation	of	 high	 temperatures	within	
the	heated	material	 in	a	short	 time,	which	causes	
unforeseen	 changes	 in	 the	 fatty	 acids	 included	







(1) (2) (3) (4) (5)
FFA	[%	oleic	acid] 0.99		0.04 1.06		0.05 1.07		0.04 1.00		0.06 1.10		0.07
Sv	[mgKOH/g] 187.0		0.5 192.6		1.05 182.3		1.10 187.0		1.01 183.1		0.95
Pv	[mmol	O2/kg] 1.3		0.05 2.1		0.10 2.3		0.07 1.4		0.05 2.0		0.09
Iv	[g	I2/100g] 31.9		0.9 34.6		0.6 35.7		0.5 37.0		0.7 29.4		1.5
nD
40 1.457		0.0005 1.457		0.0005 1.456		0.0005 1.458		0.0005 1.455		0.0005
Hardness	[op] 0.25		0.005 0.46		0.005 0.48		0.005 0.61		0.005 0.62		0.005
viscosity	[mPa	s] 25.5		0.5 39.49		0.5 32.95		0.5 34.00		0.5 38.0		0.5
Softening	point	[°C] 27.7		0.5 31.5		0.5 30.1		0.5 30.5		0.5 31.8		0.5
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However,	given	 the	statistical	evaluation	of	 the	
results	 it	 is	concluded	 that	 the	method	of	 roasting	
has	a	significant	impact	on	the	Iv.
The	peroxide	 values	were	determined	 to	 be	 in	
the	1.3-2.3	mmol	O2/kg	fat	range.
Together	 with	 Tan	 and	 coworkers	 [Tan et al.,	
2001]	many	 researchers	believe	 that	 the	Pv	 level	
above	3.5	mmol	O2/kg	fat	is	an	unsatisfactory	level	
due	to	its	sensory	properties.
The	 lowest	 Pv	 was	 the	 characteristics	 of	 fat	
extracted	from	raw	cocoa	beans	(1)	(Table	1).	Oomah	





















the	presence	of	 antioxidant	 substances	 in	 the	 cocoa	




temperatures.	 However,	 longer	 heating	 increases	
the	 temperature,	 which	 contributes	 to	 the	 rapid	
decomposition	of	the	hydroxyperoxides	to	secondary,	





The	 least	 favorable	 in	 terms	 of	 obtaining	 the	
highest	 Pv	 of	 cocoa	 butter	 was	 the	 method	 of	
convection	 roasting	 of	 beans	 in	 air	 with	 higher	
humidity	(RH	5	5.0%).	Such	properties	of	fat	may	
be	 due	 to	 a	 long	 time	 (t	5	 60min)	 of	 T	5	 135°C	
temperature	 operation,	 but	 also	 the	 influence	 of	
moisture	 contained	 in	 the	 air	 heating	 the	 bean.	
Yoshida	 and	 coworkers	 (Yoshida	 et al.,	 1995)	
showed	that	the	fat	properties	may	depend	on	the	
moisture	 content	 contained	 in	 it.	 Increased	 water	
content	 in	 the	 material	 subjected	 then	 to	 thermal	
treatment	 contributes	 to	 the	 formation	 of	 smaller	
quantities	of	bronze	substances,	which	significantly	
influence	the	nature	of	oxidative	changes	in	fat.
In	 the	case	of	 the	FFA	content	 the	 lowest	 value	
(FFA	5	0.99%)	is	the	characteristics	of	fat	from	raw	
beans,	while	 the	FFA	content	of	 fats	extracted	 from	
beans	 roasted	 by	 various	methods	was	determined	








































No	 significant	 changes	 in	 the	 values	 of	 the	
refractive	index	(n40D	5	1.455		1.458)	were	found	
in	the	cocoa	butter	obtained	from	roasted	beans	in	
relation	 to	 the	 fat	 extracted	 from	 raw	 beans.	 The	
lowest	 observed	 n40D	 values	 (1.455)	 for	 the	 fat	
extracted	 from	 beans	 heated	 by	 microwaves	 can	
be	 attributed	 to	 the	 generation	 of	 relatively	 high	
temperatures	in	the	product	within	a	short	time.
The	 viscosity	 of	 fats	 extracted	 from	 heat-treated	
beans	 increases	 significantly,	 almost	 doubles,	 in	
relation	 to	 the	 viscosity	 of	 crude	 fat	 from	 beans.	 No	
significant	differences	in	viscosity	values	between	bean	
roasting	 methods	 were	 found.	 Similar	 relationships	
were	observed	by	Albi	and	coworker	(Albi	et al.,	1997)	
and	Oomah	and	coworker	(Oomah	et al.,	1998).	The	
increase	 in	 the	 value	 of	 this	 quality	 parameter	 of	 fat	
may	be	linked	to	the	formation	of	dimers	or	polymers	
as	a	 result	 of	 lengthening	 the	 carbon	 chains	 (Albi	et 
al.,	1997)	or	as	differences	in	saturation	of	fatty	acids	
(Oomah	et al.	1998).	This,	 in	 turn,	may	translate	 into	
higher	 softening	 point	 temperatures,	 as	 observed	
in	 the	 analyzed	 cocoa	 butter	 (Table	 2).	 However,	
the	 temperature	 readout	 based	 on	 the	 conducted	
thermographic	 studies	 (DSC)	 showed	 no	 significant	
differences	between	the	fat	obtained	from	raw	beans	




The	 obtained	 results	 have	 not	 allowed	 to	
explicitly	 specify	 the	 influence	 of	 roasting	method	
on	the	actual	changes	occurring	in	the	cocoa	butter	
contained	 in	 cocoa	 beans.	 Therefore,	 to	 estimate	
changes	in	the	extracted	cocoa	butters	the	content	
of	polar	 fraction,	composition	of	 the	polar	 fraction,	
and	 the	 degree	 of	 transformation	 of	 fatty	 acids	 in	
the	non-polar	fraction	were	determined.	
Determination of amount and composition  




The	 determinations	 show	 that	 the	 polar	 fraction	
content	 in	 relation	 to	 starting	 fat	 increased	 slightly	
due	 to	 heating.	 Taking	 into	 account	 the	 statistical	
evaluation	 of	 the	 results,	 differences	 are	 not	 found	
in	 the	content	of	 the	polar	 fraction	between	 trials	2,	
3,	 4.	 The	 fat	 (5)	 contains	 about	 1%	 more	 of	 this	
fraction	than	other	fats,	which	means	that	the	fat	has	




Temperature/ °C25 30 35 40 45 50








Tm : 32.08  °C
Enthalpy / J/g : 38.3478
M=700W
Raw cacao butter
Tm : 31.28  °C
Enthalpy / J/g : 11.6908
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presented	 in	 Table	 4,	 in	 the	 tested	 fats,	 taking	
into	 account	 the	 losses	 of	 FA,	 generally	 speaking	
thermooxidative	 changes	 are	 at	 a	 very	 low	 level.	
These	 changes	 influenced	 mainly	 polyene	 acids	
(the	 loss	 of	C18:2	 is	 11,1-13,4%	 for	 fat	 samples	
3	 and	 5,	 while	 the	 loss	 of	 C18:3,	 51.9	 and	
55.6%	 respectively).	 However,	 given	 the	 starting	
low	 levels	 of	 these	 acids	 in	 the	 raw	 material	
subjected	to	 thermal	 treatment	 these	changes	do	
not	 significantly	 affect	 the	 quality	 factors	 of	 the	
tested	fat.	Similar	relationships	were	observed	by	
Conssignani	 and	 coworkers	 (Conssignani	 et al.,	
1998).
Higher	 amounts	 of	 palmitic	 acid	 determined	 in	
the	heated	fat	samples	is	assumed	to	be	a	natural	
phenomenon,	 due	 to	 the	 fact	 that	 fats	 containing	
shorter	 chain	 acids	 hydrolyze	 easier	 than	 the	
ones	 containing	 longer	 chains.	 This	 is	 confirmed	
by	 experiments	 by	 Farag	 and	 coworkers	 (Farag	
et al.,	 1997)	 who	 determined	 varying	 (increasing	
or	 decreasing)	 amounts	 of	 palmitic	 acid	 using	
microwave	 heated	 olive	 oil	 when	 compared	 to	
samples	not	subject	to	heating.
Determination of the absorption level of 1% and 
10% solution of fat samples in hexane
Changes	 in	 the	 absorption	 of	 1%	 solutions	 of	
analyzed	 samples	 of	 fat	 (E1%1cm)	 at	 λ5233	 and	
270	 nm	 determine	 the	 content	 of	 secondary	
oxidation	products	in	fats,	especially	those	containing	
aldehydes	 and	 ketones	 (Tynek	 et al.,	 2001).	 Data	
contained	in	Table	5	indicate	relatively	small	changes,	
which	 confirm	 previous	 conclusions	 on	 changes	 in	
fatty	acids	in	the	tested	samples	subjected	to	heating.	
However,	 most	 oxidation	 products	 were	 observed	
in	 the	 sample	 of	 fat	 (4),	meaning	 fat	 obtained	 from	
beans	treated	with	convective	heating	at	the	highest	
of	the	proposed	temperatures.
In	 this	 respect	 the	 most	 preferred	 method	
seems	 to	 be	 the	 roasting	 of	 beans	 in	 the	 air	with	
higher	 relative	 humidity.	 It	 is	 associated	 with	 the	
demonstrated	 lower	 oxidation	 of	 products	 heated	
in	humid	air.	Water	vapor	 in	air	 forms	a	protective	
legislation	 in	the	European	Union	 is	 the	determinant	
of	 thermooxidative	 transformations	 of	 fats.	 For	
example,	 edible,	 commercially	 available	 refined	 oils	







according	 to	 the	 rule:	 from	 the	 largest	 to	 the	








An	 analysis	 of	 individual	 components	 shows	
that	 the	 greatest	 changes	 took	 place	 in	 fat	 (5)	
obtained	from	the	beans	roasted	by	the	continuous	
microwaving	 method,	 although	 not	 even	 trace	
amounts	 of	 dimers	 were	 found	 in	 it.	 The	 amount	
of	 diacylglycerols	 (DAG)	 describes	 the	 degree	 of	













the	 fatty	 acid	 composition	 was	 determined	 in	 the	
non-polar	 fraction,	 which	 contains	 thermooxidatively	








TAG dimers oxidated TAG DAG MAG FA
(1) 3.0		0.2 0.00		0.00 1.54		0.08 1.02		0.01 0.03		0.01 0.41		0.01
(2) 4.0		0.3 0.04		0.01 1.77		0.12 1.17		0.03 0.03		0.01 1.00		0.07
(3) 4.3		0.1 0.00		0.00 1.83		0.11 1.35		0.01 0.02		0.01 1.09		0.05
(4) 4.2		0.2 0.04		0.01 2.08		0.15 1.48		0.06 0.03		001 0.57		0.01












(1) (2) (3) (4) (5)
FA content [%]
14:0 0.12 0.09 0.10 0.09 0.09
15:0 0.02 0.03 0.03 0.03 0.02
16:0 24.37 24.59 23.13 24.56 24.18
16:1	(9c) 0.25 0.23 0.22 0.22 0.22
17:0 0.22 0.22 0.22 0.21 0.21
17:1 0.02 0.02 0.01 0.03 0.01
18:0 33.85 34.04 33.59 33.82 33.51
18:1	(9c) 33.50 32.56 32.31 32.67 32.25
18:2	(9c,	12c) 3.06 2.76 2.72 2.77 2.65
18:3	(9t,	12t,	15t) 0.02 0.02 0.02 0.02 0.01
18:3	(9c,	12c,	15c) 0.27 0.15 0.12 0.15 0.11
20:0 0.93 0.95 0.93 0.96 0.95
20:1	(9c) 0.06 0.05 0.05 0.07 0.05
21:0 0.03 0.01 0.01 0.03 0.02
22:0 0.19 0.18 0.16 0.17 0.17
















(1) 1.230	(0.050) 0.01	no	maximum 0.141	(0.013)
(2) 1.401	(0.132) 0.246	(0.016) 0.225	(0.026)
(3) 1.257	(0.016) 0.222	(0.013) 0.122	(0.001)
(4) 1.433	(0.088) 0.354	(0.013) 0.164	(0.001)







layer	 that	 prevents	 the	 penetration	 of	 oxygen	
(Mujumdar,	1995,	Tynek et al.,	2001).
Also	 Albi	 and	 coworkers	 (Albi et al.,	 1997)	 in	
their	studies	on	vegetable	oils	heated	by	convection	
and	 microwave	 methods	 obtained	 an	 increase	 in	
(E1%1cm)	value	at	λ	5	233	and	270	nm.
The	obtained	results	do	not	show	a	good	correlation	
with	 the	 results	of	Pv	 (Table	2).	Thus,	 this	 indicates	
the	 need	 for	 additional	 determinations	 of	 factors	 in	
fats	 because	 the	Pv	cannot	 be	 the	 sole	 criterion	 for	
determining	the	degree	of	changes	in	fat,	as	suggested	
by	some	researchers	(Tynek	et al.,	2001).
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The	 present	 results	 show	 that	 microwaves	
favorably	 affected	 the	 physicochemical	 properties	
of	 cocoa	 beans.	 After	 a	 time	 of	 12.5	 min	 the	
largest	 reduction	 in	 the	 total	 and	 volatile	 acidity	
of	 the	 beans	was	 obtained,	 and	 fat	 has	migrated	
from	 the	 kernel	 to	 the	 husk	 in	 the	 lowest	 degree.	
However,	the	fat	extracted	from	the	beans	roasted	
this	way	 underwent	 the	 greatest	 changes.	 This	 is	
indicated	 by	 the	 fundamental	 values	 of	 indicators	
of	 the	 quality	 of	 fat	 (FFA,	 Pv,	 Iv,	 melting	 point),	
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change	 in	 fatty	 acids,	 or	 (E1%1cm)	 at	λ	5	 233	 and	
270	nm	and	(E10%1cm)	values.
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fat	 remaining	 in	 the	 kernel	 of	 cocoa	 beans	 the	
most	 favorable	 was	 the	method	 of	 roasting	 in	 air	
with	 higher	 humidity,	 however,	 too	 long	 a	 heat	
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